1. Introduction {#sec0005}
===============

The chemical pesticide formulations employed to agricultural land very often contaminate aquatic habitat which in turn causes detrimental effects to the aquatic biota particularly to the economically important non-target organisms i.e. fishes \[[@bib0005]\].

Among different classes of pesticide, organophosphates as well as pyrethroids are more frequently used because of their high insecticidal property, low mammalian toxicity, less persistence and rapid biodegradability in the environment. These compounds are used extensively in agriculture supposed to bioaccumulate in humans and exhibit relatively low level of toxicity in mammals \[[@bib0010]\]. Fishes exhibit different kinds of behaviours such as schooling where fishes form groups; surfacing i.e. frequent movement to water surface; hanging due to loss of balance, opercular movement rate and convulsions \[[@bib0015], [@bib0020]\]. Such behaviours are subjected to olfaction and visual stimuli \[[@bib0025]\]. Pesticide exposure affects the fish behaviour in diversified manners \[[@bib0030], [@bib0035], [@bib0040]\].

High toxicity of synthetic pesticides has been found to aquatic, zooplankton and mammalian species \[[@bib0045]\]. Present study reflects two group of pesticides namely an organophosphate, triazophos (O,O-Diethyl O-(1-phenyl-1H-1,2,4-triazol- 3yl -- phosphorothioate; PubChem CID: 32184) which is widely used insecticide to control the pests on the paddy and on cotton fields due to its low toxicity to mammals (human) \[[@bib0050]\]. Other pesticide is pyrethroid, deltamethrin \[(S)-cyano-(3-phenoxyphenyl) methyl\] 3-(2, 2-dibromoethenyl)-2,2-dimethylcyclopropane-1-carboxylate; PubChem CID: 40585) which is extensively used in agriculture and forestry because of its high activity against a broad spectrum of insect pests \[[@bib0055]\]. It is also used as an alternative pesticide in malaria control programs in India and other developing countries \[[@bib0060]\]. Deltamethrin is known to be toxic to fish and various other aquatic organisms \[[@bib0065]\].

Acetylcholinesterase (AChE, EC 3.1.1.7) activity plays role as a biomarker upon the exposure to organophosphate and pyrethroid insecticides \[[@bib0070], [@bib0075]\]. As there is an increase in newly discovered potential pesticides day by day and also variations in their impact on various aquatic genera and species, thus it is relevant to study the impact of organophosphate and pyrethroid on fish, *C. punctatus* which may also act as a bioindicator of pollution caused by pesticides in water. Further, *Channa punctatus* is regarded as one of the most important teleost in India being the rich source of nutritive materials available in abundance and thus affordable to the low income group of people. Besides this, it also has therapeutic use. The exposure of pesticides may cause the mortality and reduction in its population.

Therefore, the aim of present study is to evaluate the comparative impact of acute toxicity of formula grade pesticides, namely triazophos (OP) and deltamethrin (pyrethroid) on AChE activity in a freshwater teleost, *Channa punctatus.*

2. Materials and methods {#sec0010}
========================

2.1. Animals and maintenance {#sec0015}
----------------------------

Healthy fresh water teleosts, *Channa punctatus* (average length 11 ± 2 cm and weight 23 ± 2 g) were obtained from fish market and treated with potassium permanganate (PubChem CID: 516875) solution (0.5% w/v) for 1 min to remove any dermal adherent. Laboratory stock of fish was maintained in glass aquarium containing dechlorinated aerated tap water (capacity: 50 l). Quality of water was assessed before exposure and was tested according to APHA guidelines \[[@bib0080]\]. Fishes were acclimatized for one week at room temperature (26 ± 1.2 °C) and were fed with commercially available pellet fish food (Tokyu, Japan) *ad libitum*. During the entire experimental period the dissolved oxygen concentration (DOC) in control and experimental aquaria was between 60% and 70%.

2.2. Chemicals {#sec0020}
--------------

Two formula grade pesticides namely Sutathion (40% EC Triazophos, Pune, Maharashtra, India) and Decis (2.8% EC Deltamethrin, Bayer crop science limited, Powai, Mumbai, India) were used for acute and sub-acute toxicity studies. All of the chemicals used in the present study were of analytical grades and were procured from Sigma-Aldrich (St. Louis, USA) and Merck (Germany).

2.3. Determination of 96 h LC~50~ {#sec0025}
---------------------------------

Feeding was stopped 24 h prior to the initiation of experiment. Ten fishes were placed in each of the eight glass aquaria containing 12L water (n = 10/glass aquarium). After that, triazophos was added as per the following concentrations 0.03, 0.05, 0.065, 0.075, 0.085 and 0.10 mg/L. At an interval of 24 h, the water of aquaria was changed and different concentrations of triazophos were restored afresh as mentioned above. The stock solution of triazophos used in this study was always freshly prepared when needed. The fish kept into the pesticide free medium served as a control. Equal volume of acetone (PubChem CID: 180) was maintained in the control aquarium, as the pesticides (triazophos and deltamethrin) used were solubilised in acetone. Also, ten fishes were placed in each eight glass aquaria containing 12L water. After that, the same procedure was carried out for deltamethrin exposure with different concentrations such as 3.75, 4.58, 5.42, 6.25, 7.08, 7.92, 8.75 and 9.58 μg/L.

The test was performed for 96 h treatment period and dead fishes were removed as the test proceeded. The number of dead fish per group was recorded against the time of their death in a tabular form as specified by Sprague \[[@bib0085]\]. The 96 h LC~50~ value of triazophos and deltamethrin was calculated by using software US EPA (version 1.5; 1US EPA (version 1.5; 1993). The behavioural pattern of fish was monitored regularly under above treatment conditions as suggested by Kumari et al. \[[@bib0090]\].

### 2.3.1. Sub-acute bioassays {#sec0030}

#### 2.3.1.1. Biochemical assays {#sec0035}

##### 2.3.1.1.1. Preparation of tissue extracts {#sec0040}

The fishes were sacrificed by using mild anaesthesia (Trichloromethane; PubChem CID: 6212) after exposure to each of the insecticides (triazophos and deltamethrin) and dissected. Brain, muscle and gills were surgically removed, thoroughly rinsed in cold saline (0.9%), at 4--6 °C and blotted dry. The tissues were weighed and homogenized (10%, w/v) in 50 mM sodium phosphate buffer (pH 8.0) containing 0.1% Triton X-100 (PubChem CID: 5590) using Potter--Elvehjam homogenizer fitted with a Teflon-coated pestle under ice cold condition. The homogenates were kept for 30 min in cold with intermittent stirring and centrifuged at 4 °C for 30 min at 10,000*g* in a refrigerated centrifuge (Model- 3K30 Sigma, St. Louis, USA).

##### 2.3.1.1.2. Assay of acetylcholinesterase {#sec0045}

AChE activity was determined according to Ellman et al. \[[@bib0095]\]. Acetylcholinesterase (AChE) efficiently catalyses the hydrolysis of acetylthiocholine (ATCh) (sulphur analog of natural substrate Acetylcholine, ACh). The surface protein AChE is required to dissolve in solution with the help of non-ionic detergent, Triton-X 100. After centrifugation, supernatant contain soluble AChE. AChE catalyses the hydrolysis of ATCh into thiocholine and acetate. The thiocholine reacts with an oxidising agent, 5,5-dithiobis-(2-nitrobenzoic acid) to form two products, one of which is 5-thio 2-nitrobenzoic acid or nitrobenzoate (PubChem CID: 123648; unstable intermediate) which absorbs the UV radiation at 412 nm. The activity of enzyme can thus be measured by following the increase in absorbance at 412 nm in a double beam UV--vis spectrophotometer. The reaction mixture (3 ml) contained 1.5 ml of 100 mM sodium phosphate buffer (pH 8.0), 0.3 ml of 5 mM DTNB \[5,50-dithiobis-(nitrobenzoic acid); PubChem CID: 6254\] prepared in 10 mM sodium phosphate buffer, pH 7.5 containing 15 mg sodium bicarbonate (PubChem CID: 516892) added per 10 ml of solution\], 0.3 ml of 5 mM acetylthiocholine iodide (ATI; PubChem CID: 74629), 0.1 ml of 10% homogenate, and 0.8 ml of distilled water. The increase in absorbance was monitored at 412 nm for 3 min in a UV--visible double beam spectrophotometer (Model: UV1800, SL-02480, Shimadzu, Japan) with quartz cuvettes against distilled water as blank. Measurements were made in triplicate for each tissue homogenate. Simultaneously, two blanks were also used. One (enzyme blank) contained phosphate buffer, DTNB, and ATI but not the enzyme to determine the spontaneous hydrolysis of ATI, and the second (substrate blank) contained phosphate buffer, DTNB, and enzyme protein but no substrate (ATI) to correct for any non- AChE-dependent formation of thionitrobenzoic acid (TNB; PubChem CID: 123648). One unit of AChE activity was expressed as nanomoles of substrate (ATI) hydrolyzed/min/mg protein under experimental conditions.

##### 2.3.1.1.3. Determination of total protein {#sec0050}

Protein contents in fish tissue homogenates were determined according to the method of Lowry et al. \[[@bib0100]\], using bovine serum albumin (BSA) as standard.

2.4. Statistical analyses {#sec0055}
-------------------------

LC~50~ and 95% confidence limits were calculated by a computer programme \[[@bib0105]\]. The data of AChE activity was represented as mean ± SEM and was analysed by One Way Analysis of Variance (One Way ANOVA) and was further analysed by Duncan's Multiple Range Post-hoc Test. The results were considered to be significant at P ≤ 0.05 and P ≤ 0.01 levels. All of the statistical analyses were done in accordance to Bruning and Knitz \[[@bib0110]\] and were carried out in three replicates.

3. Results and discussion {#sec0060}
=========================

3.1. Determination of LC~50~ values for triazophos and deltamethrin {#sec0065}
-------------------------------------------------------------------

The fish in the control aquarium were observed to be healthy and normal and no mortality was recorded in it. In triazophos treated group, there was no mortality recorded at 0.03 mg/L concentration after 96 h exposure. However, at 0.05, 0.065, 0.075, 0.085 and 0.1 mg/L concentrations, the% mortality recorded were 20%, 40%, 60%, 80% and 100%, respectively. The LC~50~ of triazophos, after 96 h treatment was found to be 0.069 mg/L for *Channa punctatus* following probit analysis ([Table 1](#tbl0005){ref-type="table"}, [Fig. 1](#fig0005){ref-type="fig"}A). Similarly, fishes were exposed to different concentrations of deltamethrin for 96 h to observe mortality rate. After 96 h treatment, deltamethrin caused 10%, 20%, 30%, 40%, 60%, 80% and 100% mortality at concentrations of 4.58, 5.42, 6.25, 7.08, 7.92, 8.75 and 9.58 μg/L respectively. The LC~50~ for deltamethrin was calculated and found to be 7.33 μg/L ([Table 2](#tbl0010){ref-type="table"}, [Fig. 1](#fig0005){ref-type="fig"}B). From this study, it can be inferred that under identical condition and treatment duration the deltamethrin was about ten times more toxic than triazophos to *C. punctatus.*Table 1Lethal concentrations (LC~1--99~) of triazophos for freshwater fish, *Channa punctatus* (average length 11 ± 2 cm and weight 23 ± 2 g, n = 10).Table 1Lethal ConcentrationsTriazophos(10^-3^  g/L)95% confidence limitsLowerUpperLC~1~0.0410.0160.052LC~5~0.0480.0240.058LC~10~0.0520.0290.061LC~15~0.0550.0330.063LC~50~0.0690.0560.077LC~85~0.0880.0780.116LC~90~0.0930.0820.131LC~95~0.1010.0880.159LC~99~0.1180.0980.232  Slope ± SEM10.07 ± 3.06Intercept ± SEM16.68 ± 3.47^χ2^ value1.80p\<0.05[^1]Fig. 1A) Plot of adjusted probits and predicted regression line for Triazophos to a freshwater fish *Channa punctatus*. B) Plot of adjusted probits and predicted regression line for Deltamethrin to a freshwater fish *Channa punctatus*. C) Specific activity of AChE (nM ATI hydrolysed/min/mg protein) in brain, muscle and gills of *C. punctatus* exposed by triazophos. Data represents mean ± SEM. ^\*^ p \< 0.05; ^\*\*^ p \< 0.01; Control *vs* 3.4 μg/L and 6.8 μg/L. ^a^ p \< 0.05; ^b^ p \< 0.01; 3. 4 μg/L *vs* 6.8 μg/L. D) Specific activity of AChE (nM ATI hydrolysed/min/mg protein) in brain, muscle and gills of *C. punctatus* exposed by deltamethrin. Data represents mean ± SEM.^\*^ p \< 0.05; ^\*\*^ p \< 0.01; Control *vs* 0.36 μg/L and 0.72 μg/L.Fig. 1Table 2Lethal concentrations (LC~1--99~) of deltamethrin for freshwater fish, *Channa punctatus* (average length 11 ± 2 cm and weight 23 ± 2 g, n = 10).Table 2Lethal ConcentrationsDeltamethrin (10^-6^g/L)95% confidence limitsLowerUpperLC~1~4.6202.3545.644LC~5~5.2893.1846.182LC~10~5.6843.7366.498LC~15~5.9674.1566.727LC~50~7.3296.3458.013LC~85~9.0018.20611.265LC~90~9.4508.53612.474LC~95~10.1569.00914.575LC~99~11.6259.90219.646  Slope ± SEM11.61 ± 3.31Intercept ± SEM−5.04 ± 2.92^χ2^ value2.72p\<0.05[^2]

Acute toxicity assessment for triazophos and deltamethrin in different species of fish has been done earlier by several workers. The LC~50~ of triazophos for 96 h treatment period in different fish species are as follows: 0.008 mg/L for *Peseudorasobora parva*, 0.035 mg/L for *Tilapia nilotica*, 0.060 mg/L for *Colossoma brachypomum* \[[@bib0115]\] and1.05 mg/L for *Cirrhinus mrigala* \[[@bib0120]\]. The LC~50~ value of deltamethrin for 96 h treatment period in different fish species have been reported as follows: 2.6 μg/L for *Brycon amazonicus* \[[@bib0125]\], 4.7 μg/L for *Salmo trutta fario* (Brown trout) \[[@bib0130]\] and 15.47 μg/L for *O. niloticus* \[[@bib0135]\].

There are reports suggesting that the temperature of the aquatic system plays an important role in the intensity of toxicity of pyrethroids. A negative correlation has been observed between temperature and acute toxicity of synthetic pyrethroids \[[@bib0140]\]. In another report it has been indicated that there may be an increase in the toxic impact of pyrethroids on reproduction during spawning season in the cold aquatic environment \[[@bib0145]\] ([Table 1](#tbl0005){ref-type="table"}, [Table 2](#tbl0010){ref-type="table"}).

3.2. Behavioural response and AChE activity in *C. punctatus* upon triazophos and deltamethrin treatment {#sec0070}
--------------------------------------------------------------------------------------------------------

Organophosphates (OPs) are substrate analogues of Acetylcholine (ACh) and bind to the active site irreversibly \[[@bib0150], [@bib0155]\] thus preventing hydrolysis of neurotransmitter, Acetylcholine \[[@bib0160]\]. Due to the accumulation of acetylcholine, an uninterrupted signal thus generated results into various altered behavioural pattern.

Pyrethroids are axonic poisons which bind to the voltage gated sodium channel in nerve membrane that affect the nerve fiber through opening and closing of the voltage gated sodium channel \[[@bib0165]\]. Pyrethroids bind to this gate and prevent it from closing normally, which results in continuous nerve stimulation and tremors in poisoned organisms, resulting uncoordinated movement and altered behavioural pattern such as convulsion, surfacing, opercular movement \[[@bib0170]\].

The behavioural response of triazophos and deltamethrin started appearing only after 3 h of treatment. The alterations in the behaviour were observed to different degrees with varying concentrations of these pesticides as compared to control fish ([Table 3](#tbl0015){ref-type="table"}). The effects of pesticides were found to be in dose and duration dependent manner and these effects may due to AChE activity which is effective both at neural and neuromotor junctions present in muscles. Upon triazophos treatment, we noted decrease in AChE activities in brain (36.11% at 5% of LC~50~ and 55.08% at 10% of LC~50~ doses; in muscles 36.98% at 5% of LC~50~ and 63.60% at 10% of LC~50~ doses and in gills 40.26% at 5% of LC~50~ and 60.34% at 10% of LC~50~ doses as compared to control; [Fig. 1](#fig0005){ref-type="fig"}C). Similarly, upon deltamethrin treatment, we noted decrease in AChE activities in brain (13.59% at 5% of LC~50~ and 18.90% at 10% of LC~50~ doses as compared to control; [Fig. 1](#fig0005){ref-type="fig"}D), in muscle (12.6% at 5% of LC~50~ and 21.65% at 10% of LC~50~ doses as compared to control; [Fig. 1](#fig0005){ref-type="fig"}D) and in gills (17.56% at 5% of LC~50~ and 32.4% at 10% of LC~50~ doses as compared to control; [Fig. 1](#fig0005){ref-type="fig"}D). Thus, it is evident that the alterations in the behavioural patterns were more pronounced with triazophos than deltamethrin at different concentrations which are in coherence with the observations of other workers \[[@bib0175]\]. Most of the organophosphates including triazophos inhibit AChE activity in particular in cholinergic neurons \[[@bib0180]\]. The behavioural changes like increased opercular movements, hyper-activity of all fins, increased rate of swimming, loss of balance etc. observed in the pesticide (triazophos and deltamethrin) exposed fishes are probably due to caudal bending which was noted during entire exposure period being higher in higher pesticide concentration exposure group. This in turn affected the normal swimming pattern of the fish. Caudal bending, a kind of paralysis might have induced imbalance in swimming pattern leading in turn to surfacing behaviour. All these behavioural alterations may be the result of inhibition of neuromuscular AChE activity and finally blocking the neural transmissions. The anomalies in fish behaviour recorded in present study may be due to the inhibitory action of deltamethrin and triazophos on AChE and subsequent amassing of ACh at the nerve endings. Further inhibition of AChE activity resulted in a progressive accumulation of ACh, especially during periods of repetitive stimulation, leading to desensitization of nAChRs (nicotinic acetylcholine receptors) and consequently muscular weakness \[[@bib0185], [@bib0190]\]. Similarly, Balint et al \[[@bib0195]\] reported 21.4% decrease in acetylcholinesterase activity in serum of carp after three days exposure to deltamethrin but, our results are in agreement with several other researchers \[[@bib0200], [@bib0205], [@bib0210], [@bib0215]\]. Additionally, the toxic impact of pesticides can also be reversed as suggested by Rezakhalatbary et al. \[[@bib0220]\] where the olive oil can ameliorate the deltamethrin induced nephrotoxicity in albino mouse.Table 3Impact of triazophos and deltamethrin on the behavioural pattern of *Channa punctatus* (average length 11 ± 2 cm and weight 23 ± 2 g, n = 10) exposed to the pesticides up to 96 h.Table 3ParametersControlTriazophos (10^-6^ g/L)Deltamethrin (10^-6^ g/L)3.46.80.360.72Colour of skin--++++++++Loss of balance--++++++++Hyperactivity--+++++--+Rate of swimming--+++++Surfacing activity++++++--+Rate of opercular activity++++++Convulsions--+++----[^3]

4. Conclusion {#sec0075}
=============

Present study plays an important role in pesticide risk assessment. Fishes serve as a key indicator of environmental toxicity. The toxicity effect of deltamethrin to *Channa punctatus* is high even at very low concentration. The results may help to understand the toxicity of the pesticide in the field and may work as pre- alarming indicators of pesticide toxicity in the freshwater fish, *Channa punctatus.*
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[^1]: Control group (theoretical spontaneous response rate) = 0.000.

[^2]: Control group (theoretical spontaneous response rate) = 0.000.

[^3]: The increase or decrease in the level of behavioural parameters is shown by numbers of (+) sign. The (−) sign indicate normal behavioural conditions.
